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Short communication 
Vesicular-arbuscular mycorrhizal fungi in earthworm casts and 
surrounding soil in relation to soil management of a semi-arid 
tropical Alfisol * 
K.K. Lee " ', M.V. Reddy '*I, S.P. Wani N, Trimurtuld 
' Inrrnurr~nn~l Cmpr Rtsearrh Intliwrr for Ihr Slm14rid Tmptrr fICRIS47i Asie Ctnrrr. Porrnchrru 502 324, Adhrrr Pmrle~h, I d i o  
' Adhra P r d t s h  A~riculluai Univmiry. Rscorrh Smtioo, Arnoruvvr8 522 020. lndhrn Prudrrh, ldio 
Spores and infective pmpagulcr of vesicular-arbuscular (VA) mycorrhiza wen examined in canhworm c o u  and field 
soils coliccvd from h e  different soil managcmea trcatmenta (zero tillage with smw amcndmcnl, deep tillage wilhoul 
mcndmcnl (bare), and zem tillage with previous prcnnial cropping of Srylo~onrher hrmaa) on an Alflsol in Ihe semi.arid 
mplcs (SAT) of India. 7he avenge mean of spore counu and mon probable number (MPN) of infcclive propagulcs of VA 
mycorfhi~a (VAM) were significantly ( P  <O.O5) higher in eanhworm casu than in Seld soil across lht,lhne soil 
m~nagement malmenta. l l e i  was no significant difference in the number of VAM spores or pmpagulea amoni field soils 
from lhe lhree different soil mananemcnt matmenu, but lhe number of VAM swiss and DmDanulcr in the cartWuon casu 
from Ihc deep tillage ban matmint was rignlficanlly higher (Ps0.05) rhan'in h e  eanh ioh  casu from IH other two 
m a m n u .  In the deep tillage barc Lnatmenl. lhc numkr of spores and MPN of infcclive propagulcs were qnificandy 
( P  < 0.03) higher In earthworm cam Lhan in field soil. ll~crefore, it may k concluded Lhat eanhworms can concentnlc VA 
myconhizai spores and pmpagules in h i r  cssu. 
K I ~ o , & :  hrthwerm cuu, Sail mmagemcnt: VAM popalulca: Vellcular-ubuuular myc~nhiza 
1. Introduction 
Vesicular-arbuscular (VA) mycorrhizal fungi K. 
cur in  nearly all soils. The symbiosis between host 
- 
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India. 
plant roots and V A  mycorrhiza (VAM) is widely 
known to be imponant to the nutrient acquisition o f  
host plants (Baren. 1991). Owing to the hypogeous 
nalurt of V A  mycorrhizs and because i t  is symbiotic. 
V A  mycorrhizs requires mobile vectors or l iving 
roots for ia translocation and dispersal. A wide 
range o f  venebralcs and invertebrates have been 
suggeatcd as potential vectors o f  V A  mycorrhiza 
(Mcllveen and Cole, 1976; Harinikurnar and Bag- 
yaraj. 1994), and eanhworms are considered to be 
imponant i n  its dispersal (Rabatin and Stinner, 1986). 
Earthworms can transpon a large amount o f  soil 
~1393/%/11S.W 0 15% Elvvicr kicncc B.V. All dghU r rvr  
SSDlO9291393(95)00082.8 
&ma& lheir feeding activity (Lsvelle et sl.. 1983). 
d thcrcfm can disseminate both buKfidal md 
Lvimenul wil minowganisms in the upper pM of 
iix soil profile or to the surface of the soil. The soil 
passed thrwgb lhe gut of earthworms is ditlumt 
from the fleld soil in iu  qualiulive and quantiutivc 
composition of micmorg~isms (Doube eial.. 1994). 
It has recently k e n  demonsvated that earthworms 
mnccnlrale VA mycwrhizal propagulcs in their usu 
(Reddell and Spain. 1991; Gangc. 1993), This is 
imponant for nn agriculNral ecosystem because 
earthworms and VA mycwrhiza can jointly con- 
tribute to enhanced soil fertility and crop nutrition. 
AgriculNral practices such as soil management 
can greatly i n f l m n  the population s i z  and activity 
of bolh VA mycorrhiza and earthworms. The present 
study aims to demOnsUale that eanhworms conccn- 
Uate the spores and propagules of VA mycorrhiral 
fungi In thelr casts, and to quantify the spores and 
viable propagules in canhworm casts and in non-in- 
gested soils as influenced by the soil management 
vcatmenu on a semi-arid lropical Alfisol in India. 
2. Materials and methods 
The cxpr~mental site was an Alfisol at the 
lCRlSAT Asia Center. Palanchem. Andhra Pradesh. 
Indla. The details of the site have been nponed by 
Smith et A. (1992). The experiment had IS soil 
management treatments wilh three replestions. This 
included nine annually cropped Watmena compar- 
ing tillages (zero. I0 cm and 20 cm) and mulches (no 
mulch, f m  yard manure and rice straw), and six 
perennials: ptgeonpea (Cojonos cajan) (P). Ccnchrur 
cilioris (C). Srylosonfhes hamafa 6 ) .  and mixmres 
of these spcics. 1.e. PS, PCS and CS. In 1993. 
sorghum (Sorghum bicolor (L.) Moench) was planted 
in all the matmenu lo investigate previous treatment 
effects. Three soil management ueauncnu (three 
.. .. ~ - - .- ~-., -.. ..,...A ,.. .<. .-. 
Watment showed the largest number d c u u  among 
annual crop ueamenu, while the pnvious cropping 
of S. h m ~ a  treatment showed the lsgest number d 
casts and the d n p  tillage bare Veatment pmduced 
medium n u m k n  of casts among all the treatments 
(Reddy el al.. 1995). 
As the eanhworm biomass was highest in August 
and September during 1989-1992 (Reddy et al.. 
1995). earthworm casu and field soil samples were 
collected on 16 August 1993. Field soil samples 
were randomly collected from six spots 10 cm deep 
in each replication of each uealmcnt, and mixed 
thoroughly by shaktng in a plastlc bag. Eanhworm 
casts wen also randomly collected from six spots in 
each replication of cach Watment, and mixed in a 
plastic bag. 
Soils and casts (200 g p r  replicate) were used to 
exlracl the VAM spores by a wct.sieving method 
(Gcrdcmann and Nicolson. 1963). The most probable 
number (MPN) of infective propagules was esti. 
mated as described by Porter (1979). A 10-fold 
dilution series was first made by mixing 10 g soil or 
casts for cach replicate of beatmcnt with 90 g diluenl 
sarililed sand. The second dilution was made by 
mixing 10 g of the mixrun of so11 or cast and sand 
from the first dilution with 90 g dilucnt sterililed 
sand. This dilution was done lo lo-' with five 
replicates. Then 10 g of lo-'. lo-' and lo-' 
dilution soils were placed in a plastic pot containing 
350 g sterilized sand. Three sorghum seeds were 
sown in one pot, and the seedlings were thinned lo 
one a week later. The plnnu wen harvested after 6 
weeks under glasshouse conditions, where they were 
munlained by periodically supplying nulrient solu. 
llon devoid of phosphorus. The sorghum roots were 
washed free of soil, autoclaved in 10% KOH. and 
stained in ypan blue-locto-glycerol. Infection was 
observed under 40 X magnification, and the MPN 
war calculated as described by Alcxnnder (1982). 
The average apore and propagule numbers were 
..,. , .... ,.~ . treatment. The standard error of 
means under different groups of 
~lained from GENSTAT analysis 
The least significant differences 
~ted wing these standard error of 
as given in Cahrnn nnd cox 
3. Raults  ud dlrcualon number of spores in eanhwonn casts and field soil 
from deep tillage bare trerlmenls w o  significantly 
lk Ihetity of VA mycorrhiu s p s  and the (P 5 0.05) higher than U~at from other soil manage. 
MPN of infective VA myconhiu proplgules in men1 treatments. 7he epnhwwm casts from the deep 
eanhworm casts d in f ~ l d  soils arc shown in Table tillage bare treatment had significantly higher ( P  s 
1. Two scccics of endogcic earthworm, Ochochaer- 0.05) numbers of spores than those from the other 
ma philjo~ti (~ichaclsen) and lmmpiro mauririi two treatments. ~ o i e v e r ,  no significant difference in 
(Kinbere). were recorded at the exoerimental sik. the swre numbers was found among the three field Ihe for&; being dominant. The abundance of canh. 
w m s  per rquare mew was 6.59 and 40 for deep 
tillage bare, zero tillage with added straw and previ- 
w s  cropping of S humam, respectively (Reddy el 
d., 1995). The casts of both lypes of eanhworm 
were small rounded pellets and were morphologi- 
cally indistinguishable. The grand mean of the spore 
number in the casts across the three soil management 
treatments was significantly higher ( P S  0.05) than 
that in the field soils. This indicates that, overall. 
earthworm casts contain significantly higher dcnsi- 
tles of spores than field soils. The average mean 
soils from different soil management treatments. m e  
extent to which eanhworms increoe the number of 
spores was gnaler in deep tillage bare treatmenls 
(2.4-fold) than in zero tillage with straw iaarments 
(1.6.fold), but there was no increw in previous 
cropping of S. hanmra. 
T IC  MPN values arc much higher lhan those 
rcponed from locat~ons in other parts of the world 
(Table I )  (e.g. An et al., 1990). However, the values 
an comparable to Ulose reported from another Indian 
soil (Harinikumar and Bagyaraj. 1988). As with the 
dens~ty of spores, overall. the density of pmpagules 
. 
VA mpxrh~za spmf  md MPN of mfectivo V A  mycorrhlu pmplpvlrs fmm emhsorm cam md licld mil 
Soil mulyrmcn~ No,of rpoicr($- '  dy roll) 
Culr Soti Mew ' 
DDSP li11195 hare 6 1  26 45 
LSD(I)' 
LSD (21 ' 
LSD(3)' 
LSD(4) 
MPN dprapagula#(g-' dryl~i l  X 10') 
k p  tillarc bm 102.0 233 62.7 
bm WIye w l h  W IBW . 24.0 11.7 11.9 
Review S, h o m a  (rrm rrlllyc) 16.7 3.1 9.9 
M a  47.6 12.7 
LSD(I1' 2x79 
LSD (2) : 34.33 
LSD(3) @.SO 
LSD (4) ' 48.34 

K.K. kt n a l t l . / ~ w d S n l & r n l o ~ y 3  llPD61177-181 I81 
G ~ W .  A,. IW. Tmrlocutcm or mycmh1z8l fuw l  by cam. 
warms during u r l y  ~ m u i a n .  Soil Bnl.  B t m l w . .  25 
lol l - IOM. 
~udanm. I.W. ud ~ r o ~ s o n .  T H.. 1963. sprm or mytor. 
rhlu Ehdotov rwicr exmclcd fmm w i l  by unl.ravinp 
md h i m ' .  Tmr. 01. Myml. Soc.. 40 235-244 
Huinikumu. K.M md B q p n j .  DJ.. 1988. Eflect of cmp 
mutlcm oo mlivc V ~ S I C Y ~ U - U ~ Y Y Y ~ ~ !  mytonhtzd p m p p  
u l t r  in mil. R u l l  Soil, 110 77-80 
Harinihmu. K.M. m d  Bqym) ,  D J . .  1594. Polcnlial of earth. 
-5. MS. millipdcs m d  k m i t u  for dirrcrninalton of 
vcricullr-ubumlar myconhiul a mil.  B a l  Feml. 
Soils, 18: 115-118. 
L v r l l t ,  P. R m ~ c l .  P. m d  Kmyonyo. I., 1983, lnlcrlinai mucur 
pmduelm by two rpecw of ~mplcal cuthvormr Mlllrosa 
I-iom (Mscucolec,dac) md Pantrmlcr rornhruru, 
M c l i v m .  W.D. md Cole. H.. 1976. S m  ddltpnrl of mdope 
n r u r  by w m s .  mu,  w u p  mi birds. Cm. J Ba., 54. 
14361439. 
P W ,  W.M. 1979. Tnc ' M W  Pmblble Numkr' melhcd for 
cnummlina inftcllvc p o p a u k $  or varruiu-arbuuulu my. 
eonhirsl lung) in mil .  Aua I .  Soil Rcr.. I). 515-519. 
Rnbalm. S.C. m d  Stinner, B.R.. 1988. Indirtel effccU or ~nlsnc- 
luonr k l r c c n  VAM fungi ud soli.mhsb!lmg invencbnur on 
pivl l  p m s u s .  Apdc. koryncms Envimn.. 24. 135-14. 
Rcddrll. P, m d  Spin, A.V., 1591. h N i w o m $  u vceton of 
v l lb l l  p m p y d u  or myconhiral fungi. Soil Rial. Biockm., 
23 767-774 
- - .. 
Reddy, M.V.. Ravbndn. V., ~alashouri,'P.. Kuma. V.P.K.. Coglc, 
AL., Yule. D.F. m d  Babu, M .  1595. Rcrpnlc of 4 r o m  
nbuodvlcr urd pmdueltoo of snice clru m d  heir phylico- 
chomicll m n t i c r  lo m i l  mma%emcnl ~n nlalloo la h a w  of . . 
I G I O Y O T O I C , ~ )  In P horun H Mdn . A IXMeos C m rnJtSNrt& an, oo 1 um..md M p . o l ~ 1 6 r o '  So B ol 
Cwgoln.u'.k m d  C Wmo, (Ed11001 St. Tlln:l LO So B anm a p r rc  
Btoa;, D e. B n c ~  at8;ntcs L a r l m . l r  hciw pp 4 5 -  Sm,m G D . Corghlv U I ). r D F . Lryct. K B . S?.ar 
410 mva. K.L..'lbmu. N.P. ~d C0gIe.A.L.. 1992 Soil murage 
k. KE.. 1985. Emhwoml  melr Erology m d  Rclalimrhlpi mcnl optiml lo reduce NnOfl m d  erosion on I hvdvtl inp 
wllh Soils m d  Land U w  Actdcmt Pnu, Sydney. 41 I pp Alfilol in LC wmi-wid lroplcs. Soil Tillrpa Re$., 21. 195-215 
k, K.K.. Wmi, SP, m d  V l h m  Rcddy. M , I595 So81 surface 
mmagcment and mtcmorlm~rrnr. J. Soil 8101. Eml.. In prrar. 
Applied 
Soil Ecology 
Notes to contributors 
Submisslon'ol manuscripts. Manuscriots lrom Ihe Americas should be submilled in triolicale lo Prol. C.A. Edwards. 
ton, wau. nl 
- .  
Electronic man4scrlpts. Electronc manuscripls have the advantage that there IS no need lor the rekeylng 01 lexl, 
thereby avo~d~ng the poss~bil~lv ol Introducing errors and resultino In reliable and tar1 deliverv of Drools. 
F:. 1-8 - a a 1101 ss 0- 01 T ~ P . S ~  a's 10. cons otra* ~r naioco. es a,e 8.1, c~e-I F:,.IP~ p:,cess na CI accepted 
papers e r:lon r r e ' s  2,s are :'ele'reo Ate' f nal ssceptsnce, yo-' as<  p .s lnree 1.m a m  exact y rra'cn 'tg 
or-'67 te's 3-s s~c.: :e SJornre: tmelne! Do.oe dsrs ' i  0 3  cr n 21 oe-st. I r D  O s ~ s l e r  3 5 oi 5 25 >PC?' are 
acceptable. It IS tmporlant lhal the lile sived is In Ihe naltve i&mal 01 lhe wordpr6c'essor program'used Label lhe'dlsk 
w~lh the name ol the computer and wordprocessing package used, your name, and the name ol the lile on the d~sk. 
Funher inlormallon may be obtalned lrom the Publisher. 
A ~ l h o r s  In .span please nolo. Lpo, reo.esl E ser er 9.e-ce .asap n :.c :e e.*nr,s r. ,n a SI of 3800 e *-:, ca., 
[re:, an: rr;ro.e tne E q  sr 01 t i e r  papee Deba  s . r s r  57 Pease col lar  3: Tor,:, 0'1 :e Ere, er Sc ewe  
Jaoai 2 G l i  Y.s- rra Jc rc r re  B.ir,3-6. Tar,? "3 Te' 33 -3833-3821 Far $05 .?6363:M 
~ l i  questions arising aner acceptence of the nianuscr~pl, eipec~ally those relating'to prools, should be directed lo: 
Elsevier Editorial Se~ ices ,  Mayfield House. 256 Banbury Road, Oxford OX2 I D H ,  UK, Tel. (+44)1865 314900, Fax 
(+44)1865 314990. 
Advertising Inlormallon: Adverllsing orders and enquiries may be sen1 to. 
Inlernallonal: Elsevter Sclence, Adveillslng Depailment. The Boulevard, Langlord Lane, Kidllngton, Oxford. OX5 lGB, 
UK; Tel: 1,441 (0) 1865 84356% Fax (+44) (0) 1665 843852. 
USA 8 Canada: Weslon Medla Assodates, Dan Llpner, P.O. Box 1110. Greens Farms, CT 064361110, USA; Tel: 
(203) 281 2504; Fax (203) 261 0101. 
Japan: Elsevier Sclence Japan, Ms Noriko Kodama, 20-12 Yushlma. 3 chome. Bunkyc-Ku, Tokyo 113. Japan: TeI: (+El) 3 3836 0810: Fax ( 4 1 )  3 3839 4 3 4 .  
-SA ma n~ nc' ce Am ea So.! Ecoq7, 1 SSh C929-'393 fr 0.9 one0 o moiln, 21 E 90. er Sc en:e B V IM:, erwarl 
' Pos1o.s 211 1000 AE. Amsleroam Ann~a  s.3scrplc- pr :e mne ,SA .SS 541 l ia lo r honn. Cei!ra an0 S o ~ l n  
Arre,#ca, nc..dlnG ar saeeo oe re', Apo cat:n lo F a  a' sew la  cats ~ s t a p 8  rale i l  psndnp a! "anaca NY 
' * A ? '  
 POSTMASTER: Send address changes lo Applied So# Emiogy Publications Expedlllng Inc., 200 Meacham 
Avenue, Elmonl, NY 11003. AIRFREIGHT AND MAILING in the USA by Publ~calions Expeditinp Inc., 200 Meacham 
Avenue. Elmonl, NY 11003. 
Applled Sol1 Ecology hea no page charges 
FM 0 lull snd mmplele Guide lor Authors, please reler to &piled W 
Ewlcgy, Voi. 3. No. I ,  pp. 91-84 
0 1996. Elsevier Science B.V. All Riphls Raerved 0829-139318&315.W 
NO oan of this wMimlion mav ba rsrrrducad. stofsd In a retrieval svslem or transmitted In m v  lorm or bv anv meam. 
e e ~ r o n c  m(khanlm1 photdCopymg r w & n g  or otnewse wtnout the pr~or wnnen pwmtamon of iho k . ~ s n e r ,  
h r e n r  Saenca 8 V Coplnghl and Perm Monr DepMmmt P 0 Box 521 IMX) AM Anatorcam. Tnd Ndndnlnds 
No raaananat,Ir a am-msd bu tno Pub, rhcr lor snr murv aohor camaw 13 D O M n l  or w m n r  so a nmhar 01 wab 
malarid &an.- -, 
Mhcugh dl adveNsw materisl Is expeded to mnfwm to e W l  (medical) nandsrds, lnduslon In this pvblicallar d w e  
no4 ansli iule a garanlee cf sndwwment ol the qudity of value of wch  poducl of ol the ddm ma& ol it by B manu- 
facturer. 
Printed In The Ndhertands 
@ m e  papm used in this puMiIion y t e  the requirements ol ANSVNISO 239.4&1992 (Permnmca of Paper). 
